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Description 

[0001] This Invention Is concerned with polymers derived from (a) one or more monomer selected from (C«,-C24)alkyl 
methacrylates and (C^ -C24)alkyl acrylates. and (b) one or more monomer selected from hydroxy (C2-C6)alky I methacr- 
ylates and hydroxy(C2-C6)alkyl acrylates. wherein the number of carbon atoms in the alkyl groups averages from 8 to 
14. These polymers are useful as ashless dispersant additives to lubricating oils for providing Improved engine clean- 
liness and low temperature performance properties without adversely affecting fluoro-polymer seals and gaskets. The 
novel polymers are normally dissolved or dispersed in refined mineral lubricating oil for eventual incorporation in a 
mineral or synthetic base oil. 

[0002] Desirable lubricating oils for internal combustion engines have a low pour point, good fluidity at low temper- 
atures and good dispersancy characteristics. Good dispersancy characteristics, as manifested by engine cleanliness, 
coupled with good low temperature performance would allow the oil to flow at the lowest possible temperature of 
operation, usually at engine start-up. To achieve these desired properties, along with several others, modification of 
the lubricating oil is necessary through the incorporation of several additives. The types of additives commonly used 
include viscosity Index improvers, pour point depressants and detergent-inhibitor pacl^ges. which Include ashless 
dispersants, oxidation inhibitors, antiwear agents, etc. 

[0003] Ashless dispersants are based on metal-free organic compounds in contrast to dispersant or detergent ad- 
ditives which are derived from inorganic metal salts, organic sulfonate salts and the like. Ashless dispersants are 
generally based on polymeric backbones containing polar functionality in the side chains. Polar functionality, frequently 
a basic nitrogen moiety, is necessary in order to solubilize and suspend the dirt and sludge deposits throughout the 
base oil. Ashless dispersants derived from ethylene-propylene terpolymers containing pendant aminoester groups are 
disclosed in U.S.-A- 4,002,569. U.S.-A- 4.248,725 discloses another class of nitrogen-containing ashless dispersants 
which are derived from poly-lsobutylene and other polyolefin backbone polymers which have been functionalized with 
succinimide derivatives. 

[0004] However, ashless dispersant additive compositions based on incorporation of nitrogen-containing basic 
comonomers, such as polyisobutene-based succinimldes, have certain disadvantages, sometimes causing objection- 
able odor, discoloration or degradation of the effectiveness of gaskets and seals found in automobile engines that are 
based on fluorohydrocarbon polymers, such as Viton fluoroelastomer The advent of small automobile engines oper- 
ating at high temperatures has required increased use levels of dispersant additives (relative to larger engines) in order 
to maintain engine cleanliness, thus magnifying the Incompatibility of some commercial nitrogen-containing dispersant 
additives with engine seal materials; these higher use levels also significantly increase the low4emperature viscosity 
which leads to poor coId-cranklng engine startup. 

[0005] Poly(alkyl methacrylate) polymers having Improved pour point properties based on copolymerizing alkyl meth- 
acrylates with from 9 to 23 mole percent methacrylic acid followed by ethoxylation, wherein the average number of 
carbon atoms in the alkyl group Is 12.5 to 14.3, are disclosed In US-A-3.598.737. A lauryl methacrylate-stearyl meth- 
acrylate copolymer with 23 mole percent hydroxyethyl methacrylate is disclosed in US-A-3,249,545 for use in oil for- 
mulations containing bisphenol antioxidants. 

[0006] In another approach to providing dispersant viscosity index improvers, EP-A- 418610 discloses the use of 
polyalkyl(meth)acrylates characterized In that the polyalkyl(meth)acrylates are copolymers of 80-95.5 parts by weight 
of (C6-C24)alkyl(meth)acrylates (I), and 0.5-20 parts by weight of at least one hydroxy(C2-C6)alkyl(meth)acrylate ore 
multlalkoxylized alky((meth)acrylate (11), wherein the sum of the monomers (I) and (II) is 100 parts by weight, with an 
optional 0 to 20 parts by weight being derived from one or nrxjre (C-,-C5)alkyl(meth)acrylate. 

[0007] Poly(methacrylate) polymers as additives for machine tool working oils based on 92-99% (Ci-Cig)alkyl meth- 
acrylate and 1-8% hydroxy (C2-C3)alky I methacrylate polymers having number-average molecular weights (M„) of 
20,000-60,000 are disclosed in Japanese Patent JP 52-01 8202B. These polymeric additives are disclosed as being 
unsuitable for use as additives for engine oils. 

[0008] None of these latter approaches combines dispersancy and compatibility with fluoropolymer seal materials 
with good low-temperature performance. The present invention enables this combination of properties to be provided. 
[0009] According to the present invention there is provided a polymer obtainable by polymerizing monomers com- 
prising: 

(a) from 70 to 90 weight percent of one or more first monomer selected from (Ci-C24)aikyl methacrylates and (C^- 
C24)alkyl acrylates. wherein the first monomer(s) contains less than 10 weight percent (C.,-C3)alkyl methacrylate 
or (C^ -C3)alkyl acrylate; and 

(b) from 1 0 to 30 weight percent of one or more second monomer selected from hydroxy(C2-C6)alkyl methacrylates 
and hydroxy(C2-C6)alkyl acrylates, and 

wherein the number of carbon atoms in the alkyl groups averages from 8 to 14. and the polymer has a weight average 
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molecular weight from 20.000 to 200.000 and which comprises, based on the total weight of monomers (a) and (b), 
up to 30 weight percent of (Ci6-C24)alkyl methacrylates. (Ci6-C24)alkyl acrylates, or a mixture thereof. 
[0010] These polymers are useful as additives to lubricating oils providing good dispersancy and (ow temperature 
performance properties without adversely affecting fluoropolymer seals and gaskets. The novel polymers, when used 
in lubricating oils, are normally dissolved or dispersed in refined mineral lubricating oil for eventual incorporation in a 
mineral or synthetic base oil. 

[0011] Each of the monomers used in the present invention can be a single monomer or a mixture having different 
numbers of carbon atoms in the alkyi portion. The alkyi portions of both the (a) methacrylate and acrylate monomers 
and the (b) hydroxyalkyl methacrylate and hydroxyalkyi acrylate monomers are an important factor in the performance 
characleristtes of the polymers of the invention. By this is meant that the average number (n) of carbon atoms (C^) in 
the side chain alkyi and hydroxyalkyl groups of the acrylate or methacrylate backbone polymer is selected to maintain 
solubility of the polymer additive in both new oil and in used oil, where the additive has already functioned as a sludge 
dispersant. Generally, when the average C„ Is less than about 7, the resultant polymers may have poor solubility in 
some base oils and the additives may not be fully functional as dispersants. When the average Is significantly 
greater than about C^^ in an engine oil formulation, poorer low temperature fluidity properties may be observed. By 
low temperature is meant temperatures below about -5**C. Consequently, the average number of carbon atoms in the 
alkyi group of the acrylate or methacrylate monomers used to prepare the polymeric additives is from 8 to 1 4. preferably 
from 9 to 12. In the instance where the monomers are all acrylates or substantially all acrylates. then the average 
carbon number of the side chain alkyi groups of the backbone polymer will vary somewhat and the average number 
of carbon atoms will be that which matches the solubility parameters of the corresponding methacrylate backbone 
polymers. Such solubility parameters are readily known and understood by those In the art. 

[001 2] Preferably, monomer(s) (a) is/are selected from (C^ -C2o)alkyl methacrylates and (Ci -C2o)alkyI acrylates. and 
monomer(s) (b) Is/are selected from hydroxy{C2-C6)alkyl methacrylates and hydroxy(C2-C6)alkyl acrylates. The alkyi 
portion of either monomer may be linear or branched. Alkyi methacrylates and hydroxyalkyl methacrylates are pre- 
ferred. 

[001 3] To obtain a balance of desired performance characterisistlcs relating to good dispersancy and low temperature 
performance, mixtures of alkyi methacrylates and alkylacrylates are preferably used. Consequently, in one embodiment 
of the invention, monomer (a) comprises (i) 0 to 5% of an alkyi methacrylate or alkyi acrylate in which the alkyi group 
contains from 1 to 6 carbon atoms, or mixture thereof, wherein the monomer(s) contains less than 10% (Ci-C3)alkyl 
methacrylate or (Ci-C3)alkyl acrylate. (ii) from 35 to 70% of an alkyi methacrylate or alkyi acrylate In which the alkyi 
group contains from 7 to 15 carbon atoms, or mixture thereof, and (lii) 20 to 30% of an alkyi methacrylate or alkyi 
acrylate in which the alkyi group contains from 16 to 24 carbon atoms, or mixture thereof, and monomer (b) comprises 
from 10 to 20% of a hydroxyalkyl methacrylate or hydroxyalkyl acrylate in which the alkyi group contains 2 to 6 carbon 
atoms and is substituted with one or more hydroxyl groups, or mixture thereof. All percentages are by weight, are 
based on the total weight of the polymer, and the total of (i), (ii), (iii) and (b) equals 100 percent of the weight of the 
polymer. The amount of (i) in the polymer is more preferably 0%; the amount of (ii) is more preferably from 50 to 60%; 
and the amount of (b) is more preferably 15 to 20%. 

[001 4] Preferably, the polymer comprises, based on the total weight of monomers (a) and (b), from 10 to 30 weight 
percent of (Cie-C2o)alkyl methacrylates, (Ci6-C2o)alkyl acrylates, or mixture thereof. 

[001 S] Examples of monomer (a), the alkyi methacrylate and/or alkyi acrylate where the alkyi group contains from 1 
to 6 carbon atoms, also called the "low-cut" alkyi methacrylate or alkyi acrylate. are methyl methacrylate (MMA), methyl 
and ethyl acrylate. propyl methacrylate. butyl methacrylate (BMA) and acrylate (BA), isobutyl methacrylate (IBMA), 
hexyl and cyclohexyl methacrylate, cyclohexyl acrylate and combinations thereof. Preferred low-cut alkyi methacrylates 
include methyl methacrylate, butyl methacrylate and isobutyl methacrylate; more preferred are (C4-C6)alkyl methacr- 
ylates, such as butyl methacrylate and isobutyl methacrylate. 

[0016] In order to achieve the combination of polymer solubility, dispersancy and low temperature properties (such 
as pour point and cold-cranking engine start-up performance) of polymers of the present invention, levels of low-cut 
(Ci-C3)alkyl(meth)acrylates, such as methyl methacrylate, are from zero to 10%, preferably from zero to 5%, by weight 
of the polymer. Polymer solubility refers to the property in which the more hydrophilic or polar monomers, such as those 
having a low carbon content (C^-Cg) in the alkyi portion, provide a polymer that is less soluble in the base oils than 
polymers from the more hydrophobic monomers, such as those having a high carbon content (C4 or greater) in the 
alkyi chain. Therefore, if greater than 10% methyl methacrylate is incorporated into some polymers, depending upon 
the level of other polar monomers used, e.g., hydroxyalkyl methacrylate, solubility in some base oils may be insufficient 
for the additive to be fully functional as an ashless dispersant. On the other hand, if low-cut (C4-C6)alkyl methacrylates 
are used, i.e.. such as butyl or Isobutyl methacrylate, then zero to 20% by weight, preferably zero to 10%, of these 
monomers may be used to provide an optimum balance of the aforementioned properties, including solubility in the 
base oils. 

[0017] Examples of monomer (a), the alkyi methacrylate and/or alkyi acrylate where the alkyi group contains from 7 
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to 15 carbon atoms, also called the "mid-cut" alkyi methacrylates or alkyi acrylates, are 2-ethylhexyl aery late (EH A), 
2-ethylhexyl methacrylate. octyl methacrylate, decyl methacrylate. isodecyl methacrylate (I DMA. based on branched 
(Cio)alkyl isomer mixture), undecyl methacrylate, dodecyl methacrylate (also knbwn as lauryl methacrylate), tridecyl 
methacrylate. tetradecyl methacrylate (also known as myristyl methacrylate), pentadecyl methacrylate. and combina- 
tions thereof. Also useful are: dodecyl-pentadecyl methacrylate (DPMA), a mixture of linear and branched isomers of 
dodecyl, tridecyl, tetradecyl and pentadecyl methacrylates; and lauryl-myristyl methacrylate (LMA), a mixture of dodecyl 
and tetradecyl methacrylates. The preferred mid-cut alkyI methacrylates are lauryl-myristyl methacrylate and isodecyl 
methacrylate. 

[0018] Examples of monomer (a), the alkyl methacryliate and/or alkyI acrylate where the alkyI group contains from 
16 to 24 carbon atoms, also called the "high-cut" alkyl methacrylates or alkyl acrylates, are hexadecyl methacrylate. 
heptadecyl methacrylate. octadecyl methacrylate, nonadecyl methacrylate, cosyl methacrylate. eicosyl methacrylate, 
and combinations thereof. Also useful are: cetyl-eicosyl methacrylate (CEMA). a mrxture of hexadecyl, octadecyl, cosyl 
and eicosyl methacrylate; and cetyl-stearyl methacrylate (SMA). a mixture of hexadecyl and octadecyl methacrylate. 
The preferred hrgh-cut alkyl methacrylates are cetyl-eicosyl methacrylate and cetyl-stearyl methacrylate. 
[0019] The mid-cut and high-cut afkyl methacrylate and alkyl acrylate monomers described above are generally 
prepared by standard esterrfication procedures using technical grades of long chain aliphatic alcohols, and these com- 
mercially available alcohols are mixtures of alcohols of varying chain lengths containing between 10 and 15 or 16 and 
20 carbon atoms in the alkyl group. Consequently, for the purposes of this invention, alkyl methacrylate is intended to 
include not only the individual alkyl methacrylate product named, but also to include mixtures of the alkyl methacrylates 
with a predominant amount of the particular alkyl methacrylate named. The use of these commercially available alcohols 
to prepare acrylate and methacrylate esters results in the LMA. DPMA, SMA and CEMA monomer mixtures described 
above. 

[0020] Examples of monomer (b) are those alkyl methacrylate and acrylate; monomers with one or more hydroxyl 
groups in the alkyl radical, especially those where the hydroxyl group is found at the p-position (2-position) in the alkyl 
radical. In the hydroxyalkyi methacrylate and acrylate monomers the substituted alkyl group is a (C2-C6)alkyl. which 
may be branched or unbranched. Among the hydroxyalkyi methacrylate and acrylate monomers suitable for use in the 
preserit invention are 2-hydroxyethyl methacrylate (HEMA), 2-hydroxyethyl acrylate, 2-hydroxypropyl methacrylate, 

1- methyl-2-hydroxyethyl methacrylate. 2-hydroxypropyl acrylate, 1-methyl-2-hydroxyethyl acrylate. 2-hydroxy butyl 
methacrylate and 2-hydroxybutyl acrylate. The preferred hydroxyalkyi methacrylate and acrylate monomers are HEMA, 
1 -methyl-2-hydroxyethyl methacrylate and 2-hydroxypropyl methacrylate. A mixture of the latter two monomers is com- 
monly referred to as "hydroxypropyl methacrylate" or HPMA, which is the more preferred hydroxyalkyi methacrylate, 
as are each of the components of HPMA. 

[0021] Preferred polymers are those where monomer (a) comprises monomers wherein (i) is present in an amount 
of 0 to 5% by weight and is selected from one or more of methyl methacrylate, butyl methacrylate and isobutyl meth- 
acrylate, (11) Is present in an amount of 35 to 70% by weight and is selected from one or more of 2-ethylhexyl meth- 
acrylate, isodecyl methacrylate. dodecyl-pentadecyl methacrylate and lauryl-myristyl methacrylate, (iii) is present in 
an amount of 20 to 35% by weight and is selected from one or more of cetyl-stearyl methacrylate and cetyl-eicosyl 
methacrylate. and monomer (b) is present in an amount of 10 to 20% by weight and is selected from one or more of 

2- hydroxyethyl methacrylate, 2-hydroxyethyl acrylate, 2-hydroxypropyI methacrylate, 1 -methyl-2-hydroxyethyl meth- 
acrylate. 2-hydroxypropyl acrylate. 1-methyl-2-hydroxyethyl acrylate, 2-hydroxybutyl methacrylate and 2-hydroxybutyl 
acrylate, and wherein the total of (i), (il), (iii) and (b) equals 100% by weight of the polymer. 

[0022] A preferred polymer is one which comprises 50 to 60% lauryl-myristyl methacrylate, 20 to 30% cetyl-eicosyl 
methacrylate, and 10 to 20%, preferably 15 to about 20%. of monomer (b) which is preferably a mixture of 2-hydrox- 
ypropyl methacrylate and 1-methyl-2-hydroxyethyl methacrylate. 

[0023] Another preferred polymer is one which comprises 80 to 90% monomer (a) which is an alkyl methacrylate or 
alkyl acrylate in which the.alkyi group contains from 1 0 to 1 4 carbon atoms, or mixture thereof, and 1 0 to 20% by weight 
of monomer (b) which is a hydroxy(C2-C3)alkyl methacrylate or acrylate, or mixture thereof. 

[0024] Another preferred polymer is one which comprises 80 to 90% of monomer (a) which is lauryl-myristyl meth- 
acrylate, and 1 0 to 20% of monomer (b) which is a mixture of 2-hydroxypropyl methacrylate and 1 -melhyl-2-hydrox- 
yethyl methacrylate. 

[0025] Besides the average number (n) of carbon atoms (C^) in the side chain alkyl and hydroxyalkyi groups of the 
acrylate or methacrylate backbone polymer, the nature of the alkyl portion of the methacrylate and acrylate monomers 
is an important factor In the performance characteristics of the polymers of the invention. For example, a mix of (C,- 
C6)alkyl methacrylates and/or acrylates, (C7-C^5)alkyl methacrylates and/or acrylates, and (C^ 6-C24)alky 1 methacr- 
ylates and/or acrylates may be copolymerized with hydroxyalkyl(meth)acrylate such that the polymer has an average 
carbon number content in the alkyl side chains of about 10. In this case there is a good balance of polymer additive 
solubility characteristics in both new oil and in used oil, where the additive has already functioned as a sludge dispersant. 
In addition, the (Ci6-C24)alkyl methacrylate portion of the polymer is wax-like and will interact with the waxy components 
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In the base oil which can result in improved low-temperature flow properties, such as pour point. If, on the other hand, 
a single (C^^) or (Ci3)alkyl (meth)acrylate monomer is copolymerized with hydroxyalkyl(meth)acrylate to provide an 
average carbon number In the alkyi side chains of about 10, the resulting polymer additive would have satisfactory oil 
solubility but little wax interaction capability and therefore would not significantly Influence low- temperature flow prop- 
erties, even though the values are similar for both types of polymers. 

[0026] Consequently, to obtain good low temperature performance properties while retaining a good balance of sol- 
ubility In new and used oils, a portion of monomer (a) comprises (C^6-C24)alkyl methacrylates and/or (Ci6-C24)alkyl 
acrylates, preferably wherein the alkyI portion is C^q to Cgo- The amount of such (Ci6-C24)alkyl methacrylates and/or 
alkyI acrylates is up to 30, preferably from 10 to 30. weight percent based on the total weight of monomers (a) and (b). 
Since the high-cut alkyI methacrylate and acrylates are wax-like, they act as pour point depressants changing the 
structure or morphology of the wax in the base oil at low temperatures. The amount of the high-cut alkyi methacrylate 
or acrylate used is dependent upon the particular high-cut alkyI methacrylate or acrylate selected, the properties of the 
base oil and the desired low temperature properties. Generally, the greater the number of carbons in the alkyi portion, 
the more wax-like properties the monomers have and less of this monomer is used. Since these high-cut alky! (meth) 
acrylates are wax-like, too much can cause congealing in the base oil and loss of low temperature fluidity. 
[0027] The optimisation of the ratio of the high-, mid- and low-cut alkyl methacrylates is dependent on the base oils 
used in the formulation and the level of performance desired. The balanced formulation will preferably have an alkyl 
carbon content (C„) of from 9 to 12. 

[0028] In general, polymeric lubricating oil additives of the present invention have weight-average molecular weights 
(Mvv) from 20,000 to 200,000, e.g. greater than 20,000 and up to 200,000 (as determined by gel permeation chroma- 
tography (GPC). using poly(alkyImethacrylate) standards). M„ ranges are dictated by end-use applications. In one 
embodiment of the invention the polymer has a of from 20.000 to 100,000, e.g. greater than 20.000 and up to 
100,000; these polymers are especially useful as ashless dispersant additives for shear stable hydraulic fluids. In 
another embodiment of the invention the polymer has a from greater than 100,000 to 200,000; these polymers are 
especially useful as ashless dispersants for crankcase engine oils and automatic transmission fluids. Polymers of the 
invention with significantly greater than 200,000 would have poorer shear stability than polymers having a lower 
M^. If high levels of high molecular weight additives are used to meet the dispersancy requirements for small engines, 
they may contribute too much thickening to formulated oils in addition to introducing poor shear stability 
[0029] Those skilled in the art will recognize that the molecular weights set forth throughout this specification are 
relative to the methods by which they are determined. For example, molecular weights determined by gel permeation 
chromatography (GPC) and molecular weights calculated by other methods, may have different values. It is not mo- 
lecular weight perse but the handling characteristics and performance of a polymeric additive (dispersancy and fluidity 
under use conditions) that is important. 

[0030] The shear stability index (SSI) can be directly correlated to polymer molecular weight and is a measure of 
the percent loss in polymeric additive-contributed viscosity due to shear and can be determined by measuring sonic 
shear stability according to ASTI\/1 D-2603-91 (published by the American Society for Testing and Materials) with the 
shearing time set at between 3 and 12.5 minutes. In general, higher molecular weight polymers undergo the greatest 
relative reduction in molecular weight when subjected to high shear conditions and, therefore, these higher molecular 
weight polymers also exhibit the largest SSI values. The SSI range (according to ASTM D-2603-91, when measured 
at 12.5 minutes) for lubricating oils containing the polymers of this invention is from zero to 25%; the more preferred 
polymers have an SSI from 15 to 25%. In order to determine the shear stability of the Individual polymer additives, SSI 
measurements were made on lubricating oil formulations containing essentially no other polymer additives, i.e., no 
viscosity index improvers and the like were included. The desired SSI can be achieved by varying the polymerisation 
reaction conditions, e.g., level of chain transfer agent. 

[0031] The present invention also provides a process for preparing polymers according to the invention, the process 
comprising polymerizing monomers comprising 

(a) from 70 to 90 weight percent of one or more first monomer selected from (Ci-C24)alkyl methacrylates and (C^- 
C24)alkyl acrylates, wherein the first monomer(s) contains less than 10 weight percent (Ci-C3)alkyl methacrylate 

or (Ci-C3)alkyi acrylate; and 

(b) from 1 0 to 30 weight percent of one or more second monomer selected from hydroxy(C2-C6)alkyl methacrylates 
and hydroxy(C2-C6)alkyl acrylates, 

wherein the number of carbon atoms in the alkyl groups averages from 8 to 14, and the polymer has a weight average 
molecular weight from 20,000 to 200,000 and comprises, based on the total weight of monomers (a) and (b), up to 30 
weight percent of (Ci6-C24)alkyl methacrylates. (C-,e-C24)alkyl acrylates. or a mixture thereof. 

[0032] The polymers of this invention may be prepared by mixing monomers (a) and (b) in the presence of a polym- 
erization Initiator, a diluent and optionally a chain transfer agent. The reaction can be run under agitation in an inert 
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atmosphere at a temperature of from 60 to 140*C and more preferably from 115 to 125'C. Typically, the batch will 
exotherm to the polymerization temperature of 115-120*C. The reaction Is run generally for 4 to 10 hours or until the 
desired degree of polymerization has been reached. As is recognized by those skilled in the art, the time and temper- 
ature of the reaction are dependent on the choice of initiator and can be varied accordingly. 

[0033] Initiators useful for this polymerization are any of the well known f ree-radical-producing compounds such as 
peroxy, hydroperoxy and azo initiators including acetyl peroxide, benzoyl peroxide, lauroyi peroxide, t-butyl perox- 
yisobutyrate. caproyi peroxide, cumene hydroperoxide, 1 , 1 -di(r-butyIperoxy)-3.3,5-trimelhyIcyclohexane, azobisisobu- 
tyronitrile and f-butyl peroctoate. The initiator concentration is normally between 0.025 and 1% by weight, based on 
the total weight of the monomers, and more preferably from 0.05 to 0.25%. Chain transfer agents may also be added 
to the polymerization reaction to control the molecular weight of the polymer. The preferred chain transfer agents are 
alkyi mercaptans such as lauryl (dodecyl) mercaptan, and the concentration of chain transfer agent used may be from 
0.1 to 2% by weight. 

[0034] Among the diluents suitable for use during the polymerization and for the preparation of concentrates are 
aromatic hydrocarbons, such as benzene, toluene, xylene, and aromatic naphthas, chlorinated hydrocarbons such as 
ethylene dichloride, esters such as ethyl propionate or butyl acetate, and also petroleum oils, vegetable oils or synthetic 
lubricants. 

[0035] After the polymerisation, the resultant polymer solution typically has a polymer content of from 50 to 95% by 
weight. The polymer can be isolated and used directly in mineral, vegetable or synthetic base oiis, or the polymer and 
diluent solution can be used in a concentrate form. When used in the concentrate form the polymer concentration can 
be adjusted to any desirable level with additional diluent, for example, paraffinic base oil. The preferred concentration 
of polymer In the concentrate is from 30 to 70% by weight. When the concentrate is directly blended into a lubricating 
base oil, the more preferred diluent is any mineral oil, such as 100 to 150 neutral oil (100N or 150N oil), which is 
compatible with the final lubricating base oil. 

[0036] When a polymer of the present invention is added to lubricating base oils, whether it is added as pure polymer 
or as concentrate, the final concentration of the polymer (active ingredient) in the lubricating base oil preferably is from 
0.5 to 15% by weight, and more preferably from 1 to 8%, depending on the specific use application requirements. 
Lubricating base oils may be mineral oil types (paraffinic or naphthenic), vegetable oil types or synthetic types (poly- 
olefin). Some lubricating oils contain pour point depressants. However, in formulations where polymers of the present 
invention are used, the need for addition of a separate pour point depressant may be eliminated if cetyl-eicosyl meth- 
acrylate is part of the polymer composition. 

[0037] In a preferred embodiment of the invention, the polymers are useful as ashless dispersants at concentrations 
where sufficient dispersancy in lubricating oil compositions is provided. For purposes of the present invention, "sufficient 
dispersancy" of a lubricating oil is defined as having Co-ordinating Research Council (CRC Manual No. 12, Sludge 
Rating Manual, 1976) merit rating values of greater than 6.0 and greater than 8.0, respectively, for rocker arm cover 
sludge and average sludge measured at 12 days in a Sequence VE Test according. to ASTM Research Report No. D- 
2:1002. Preferably the CRC merit rating values are greater than 7.0 and greater than 9.0, respectively, and more 
preferably greater than 8.0 and greater than 9.2, respectively, for rocker arm cover sludge and average sludge. 
[0038] In a more preferred embodiment, the polymers of the invention are useful as ashless dispersants in lubricating 
oil compositions at concentrations which provide sufficient dispersancy to the lubricating oil composition and contribute 
less than about 50% of the overall viscosltv of the lubricating oil composition. Preferably the shear stability of the 
polymers is represented by shear stability index values (SSI) of less than 25%. For the purposes of this invention, 
"shear stability" of the polymers is defined as measured in the lubricating oil compositions essentially in the absence 
of other polymer additives according to ASTM D-2603-91 , where the SSI value (12.5 minutes) is less than 25%. 
[0039] In another preferred embodiment of the invention, polymers having from greater than 1 00,000 to 200,000 
are useful as ashless dispersants at concentrations where sufficient dispersancy in lubricating oil compositions is pro- 
vided when the polymer concentration in the lubricating oil composition is from 0.5 to 4% by weight. 
[0040] Preferred lubricating oil and concentrate compositions containing polymers of the present invention are those 
where the polymers are used as ashless dispersants at concentrations where sufficient dispersancy to the lubricating 
oil composition is provided. In another preferred embodiment, lubricating oil and concentrate compositions containing 
polymers of the present invention are those where the polymers are used as ashless dispersants at concentrations 
where sufficient dispersancy to the lubricating oil composition is provided and the polymers contribute less than 50% 
of the overall viscosity of the lubricating oil composition. Preferably the shear stability of the polymers used is repre- 
sented by shear stability index values (SSI) of less than about 25% as measured (at 1 2.5 minutes) according to ASTM 
D-2603-91. 

[0041] In yet another preferred embodiment of the invention, lubricating oil and concentrate compositions containing 
polymers of the present invention having from greater than 100.000 to 200.000 are those where the polymers are 
used at concentrations where sufficient dispersancy in lubricating oil compositions is provided and the polymers con- 
tribute less than 50% of the overall viscosity of the lubricating oil composition to which the polymers have been added. 
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In this embodiment lubricating oil compositions preferably contain from 0.5 to 4% by weight of the polymers. 
[0042] The ashless dispersants of the present invention can be used as additives in many oil formulations, such as: 
multigrade and monograde engine oils for passenger cars and heavy duty diesel engines, automatic transmission 
fluids, two-cycle engine oils, power transfer fluids, railroad engine oils, hydraulic fluid and circulating oils, natural gas 
engine oils, marine engine oils, universal tractor fluids, automobile gear oils, industrial gear oils, piston aviation engine 
oils, turbine aviation engine oils and the like. 

[0043] The following Examples are presented to illustrate certain embodiments of the present invention. All raltos 
and percentages are by weight, unless othenwise indicated, and all reagents are of good commercial quality unless 
otherwise indicated. Examples 1 through 7 give synthesis Information for preparing polymers of the present Invention 
and Examples 8 through 11 give performance data on oil formulations containing polymers of the invention. 
[0044] The polymers of the present invention were evaluated by a wide variety of performance tests commonly used 
for lubricating oils and they are discussed below. For these evaluations the polymers were mixed with (1) a base oil, 
(2) a controlled amount of a non-dlspersant viscosity Index (VI) improver and (3) a dispersant-lnhibltor (Dl) package 
of other additives In order to approximate commercial lubricating oil formulations. A non-dispersant VI improver was 
used in these evaluations to minimise dispersancy contributions from sources other than the polymers being evaluated. 
Commercial Dl packages typically consisted of an antiwear or antioxidant component, such as zinc dialkyi dithiophos- 
phate; a nitrogen-containing ashless dispersant, such as polylsobutene based succinimide; a detergent, such as metal 
phenate or sulfonate; a friction modifier, such as sulfur-containing organic; and an antifoam agent, such as silicone fluid. 
[0045] Since commercial Dl packages typically contain an ashless dispersant, contributions to the dispersancy prop- 
erties of the lubricating oil compositions of the present invention can be provided by a combination of the ashless 
dispersant polymers of the present invention, the ashless dispersant present in the Dl package and the VI improver (if 
of a dispersant type). In cases where the Dl package contains no ashless dispersant and a non-dispersant VI improver 
Is used, essentially all of the dispersancy properties of the lubricating oil will be provided by polymers of the present 
invention, at concentrations from 2 to 15% by weight. In cases where the Dl package contains an ashless dispersant 
or a dispersant VI improver, polymers of present invention are used at concentrations from 0.5 to 5% by weight to 
provide sufficient dispersancy to the lubricating oil formulation. 

[0046] The base oil. VI Improver and Dl package together with the ashless dispersant polymers of the present in- 
vention all contribute to the required overall viscosity of the particular lubricating oil formulation. Typically, the base oil. 
VI improver and Dl package contribute from 50 to 90% of the overall viscosity, with the remainder of the viscosity being 
provided by the ashless dispersant polymer. When M„ of the polymer Is from 100,000 to 200.000. relatively low con- 
centrations (from 0.5 to 4% by weight) of the polymer may be used in order to provide sufficient dispersancy properties 
without exceeding the overall viscosity limitations of the particular lubricating oil formulation. For example, an SAE 5W- 
30 lubricating oil could be formulated to an overall viscosity of 10.5 x lO'^m^ s'^ (10.5 centistokes) (100'C) and an 
SAE 15W-40 oil could be formulated to 14.5 x 10-© m^ s'^ (14.5 centistokes) (100°C). When of the polymer is from 
20,000 to 1 00,000, e.g. greater than 20,000 and up to 1 00,000. higher concentrations (from 2 up to 1 5% by weight) of 
the polymer may be used to provide sufficient dispersancy properties without exceeding the viscosity limitations of the 
lubricating oil formulation. 

[0047] Performance characteristics of ashless dispersants of the present invention were compared to commercial 
nitrogen-containing ashless dispersants in a test patterned after the Sequence VE Test, which measures the sludge 
dispersant characteristics of additives under low and medium temperature operating conditions according to the con- 
ditions described in ASTM Research Report No. D-2:1002. The engine parts were evaluated and rated at the end of 
12 days (unless indicated othenwlse) and cleanliness was determined according to a GRC merit system where a value 
of 10.0 represented the cleanest engine. 

[0048] Compositions of the present invention were also subjected to a compatibility lest for fluorohydrocarbon pol- 
ymers, in particular, Vlton fluoroelastomers. This lest (Engine Seal Compatibility Test, Example 9) was used to evaluate 
the degree of compatibility of the lubricating oil additives of the present invention with materials used in engine seals, 
gaskets, etc. The test is based on the immersion of seal or gasket materials in fluids containing candidate lubricating 
oil additive samples for 7 days, after which their elongation characteristics (percent elongatlon-at-break or %ELB) were 
determined. Values of the relative change in %ELB of zero to -5% were representative of neutral conditions, i.e., com- 
patible with the engine seals. 

[0049] Compositions of the present invention were subjected to a test designed to measure viscosity performance 
at low temperatures at high shear rales, i.e.. the CCS test. In these circumstances the viscosity of the formulated oil 
should be low enough to allow sufficient start-up of the engine while providing adequate lubrication of all engine parts. 
[0050] The Cold-Cranking Simulator (CCS) test (Example 1 0) estimates the apparent viscosity of engine oils under 
conditions where engine cranking and start-up is most difficult and is based on the procedure deflned in ASTM D- 
5293-92. For example, the CCS viscosity specification for SAE 5W-30 grade oil is less than 3.5 Pa s (35 poise) at 
-25'C, as required by SAE (Society of Automotive Engineers) J300 Engine Oil Viscosity Classification (January 1991 ). 
Some ashless dispersants based on nitrogen- containing additives, such as polyisobutene-succinimide types, do not 
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satisfy CCS test requirements at the high use levels required for small engines, nor do they pass the Engine. Seal 

Compatibility Test (infra). 

[0051] Since additives of the invention provide low CCS viscosities (Example 10), higher concentrations of base oils 
having higher viscosities may be used. These higher viscosity base oils offer the advantage of lower cost compared 
to lighter base oils, but heretofore could not be used as widely in conjunction with prior art ashless dispersants. Con- 
sequently, the polymers of the invention allow more extensive use of these heavier base oils In formulated oils, resulting 
in lower costs, reduced oil consumption and also cleaner engines since the heavier base oils are less volatile than 
lighter viscosity base oils and reduce piston deposit formation at high operating temperatures, particularly In diesel 
engines. 

[0052] The pour point of an oil formulation is an indication of its relative ability to remain fluid at very low temperatures 
and is designated as the temperature at which the oil will no longer flow. Polymers of the invention were evaluated for 
their pour point depressancy properties as described in Example 11 . 

EXAMPLE 1 

[0053] A monomer mix was prepared from 30.0 parts cetyl-elcosyl methacrylate (100% basis, 95% purity). 50.0 parts 
lauryl-myristyl methacrylate (100% basis, 98% purity), 20.0 parts hydroxypropyl methacrylate, 1 .90 parts dodecyl mer- 
captan. 0.29 parts r-butyl peroctoate (f-butyl peroxy-2-ethylhexanoate) and 10.0 parts paraffinic base oil (100N oil). 
Part of the above monomer mix (30%) was charged to a nitrogen flushed kettle fitted with a thermometer and Ther- 
mowatch to control temperature, a water-cooled reflux condenser with nitrogen outlet, a stirrer, an nitrogen inlet, and 
an additiori funnel to control the addition of the monomer mix. The contents of the kettle were heated to 105*C and 
any exotherm was controlled by cooling to maintain the temperature below 1 20" C; if the exotherm had not started after 
about 5 minutes at 105'C. the bath was heated slowly to 115-120**C until the exotherm started. When the temperature 
reached 115"C during the exotherm the remainder of the monomer mix was then added uniformly over a 60 minute 
period with cooling to control the exotherm at below about 1 25°C. The temperature was then maintained at 11 5-120"C 
for an additional 30 minutes. At this point an initiator feed of 0.20 parts f-butyl peroctoate in 8.4 parts 100N oil was 
added to the flask over 60 minutes at 115-120'*C, after which the batch was held at the same temperature for an 
additional 30 minutes. Monomer conversion was 98.1% and approximately 105 parts of 100N oil was then added to 
bring the batch to a final polymer solids content to 43.5%, a viscosity of 79 x 10-6 m2 s""" (79 centistokes) [at 98.9*C 
(210'*F)] and an SSI (12.5 minutes) of 1.4. The calculated C„ value (based on molar composition) for this polymer Is 
10.4. 

EXAfUIPLE 1A 

[0054] A monomer mix was prepared from 1 5.0 parts cetyl-eicosyl methacrylate (1 00% basis, 95% purity). 65.0 parts 
lauryl-myristyl methacrylate (1 00% basis, 98% purity). 20.0 parts hydroxypropyl methacrylate, 0.45 parts dodecyl mer- 
captan, 0.29 parts f-butyl peroctoate (^-butyl peroxy-2-ethylhexanoate) and 10.0 parts paraffinic base oil (100N oil). 
Part of the above monomer mix (30%) was charged to a nitrogen flushed kettle fitted with a thermometer and Ther- 
mowatch to control temperature, a water-cooled reflux condenser with nitrogen outlet, a stirrer, an nitrogen inlet, and 
an addition funnel to control the addition of the monomer mix. The contents of the kettle were heated to 105**C and 
any exotherm was controlled by cooling to maintain the temperature below 1 20'C; if the exotherm had not started after 
about 5 minutes at 105°C, the bath was heated slowly to 115-120**C until the exotherm started. When the temperature 
reached 115'*C during the exotherm the remainder of the monomer mix was then added uniformly over a 60 minute 
period with cooling to control the exotherm at below about 125'C. The temperature was then maintained at 11 5-120'C 
for an additional 30 minutes. At this point an initiator feed of 0.50 parts f-butyl peroctoate in 30.0 parts 100N oil was 
added to the flask over 90 minutes at 115-120'C, after which the batch was held at the same temperature for an 
additional 30 minutes. Monomer conversion was 97.1% and approximately 55.7 parts of 100N oil was then added to 
bring the batch to a final polymer solids content to 48.9%, a viscosity of 1.114 x 10-^ s'l (1.114 centistokes) [at 
gS.g^C (210°F)] and an SSI (5 minutes) of 5.7. The calculated Cp value for this polymer is 10.0. 

EXAMPLE 2 

[0055] The same procedure as Example 1 was followed except that the monomer mix was 30 parts cetyl-eicosyl 
methacrylate, 60 parts lauryl-myristyl methacrylate and 10 parts hydroxypropyl methacrylate. The final monomer con- 
version was 96.8% and the batch had a final polymer content of 44.5% after dilution with 100N oil, a viscosity of 55 x 
10-6 ^2 g-1 centistokes) (at 98,9°C (210»F)] and an SSI (12.5 minutes) of approximately zero. The calculated C„ 
value for this polymer is 12.0. 
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EXAMPLE 3 

[0056] The same procedure as Example 1 was followed except that the monomer mix was 30 parts cetyl-elcosyl 
methacrylate, 65 parts lauryl-myristyl meth'acrylate. 5 parts hydroxypropyl methacrylate and 1.75 parts dodecyl mer- 
captan. In addition, after the dilution with ICON oil. the batch was held at 115-1 20*C for 30 minutes. The final monomer 
conversion was 94.6% and the batch had a final polymer content of 47.6% and a viscosity of 59 x 10-6 s*^ (59 
centistokes) [at gag'^C (210'»F)J. The calculated value for this polymer is 12.8. 

EXAMPLE 4 

[0057] The same procedure as Example 1 was followed except that the monomer mix was 30 parts cetyl-eicosyl 
methacrylate, 50 parts lauryl-myristyl methacrylate. 20 parts hydroxypropyl methacrylate. 0.8 parts dodecyl mercaptan 
and 0. 1 7 parts 1 0ON oil; in addition, 3.05 parts of 1 0ON oil were charged to the flask with the initial 30% of the monomer 
mix before the gradual addition of the remaining monomer mix. The final monomer conversion was 95.0%. The calcu- 
lated C„ value for this polymer is 10.4. 

EXAMPLE 5 

[0058] The same procedure as Example 1 was followed except that the monomer mix was 30 parts cetyl-elcosyl 
methacrylate, 50 parts lauryl-myristyl methacrylate, 20 parts hydroxypropyl methacrylate, 0.9 parts dodecyl mercaptan 
and 0.17parts lOONoil; in addition, 3.05 parts of 100N oil were charged to the flask with the initial 30% of the monomer 
mix before the gradual addition of the remaining monomer mix. The final monomer conversion was 96.7%. The polymer 
solutions from Examples 4 and 5 were combined and diluted with 1 0ON oil to a final polymer content of 45%, a viscosity 
of 2.29 x 10-4 m2 g-i (229 centistokes) (at gS.g'^C (210*F)] and an SSI (12.5 minutes) of 5.5. The calculated C„ value 
for this polymer is 10.4. 

EXAMPLES 

[0059] The same procedure as Example 1 was followed except that the monomer mix was 30 parts celyl-eicosyl 
methacrylate, 50 parts lauryl-myristyl methacrylate, 20 parts hydroxypropyl methacrylate and 0.85 parts dodecyl mer- 
captan. The final monomer conversion was 95.5% and the batch had a final polymer content of 45.7% after dilution 
with 100N oil, a viscosity of 5.13 x lO-^ m^ s'^ (513 centistokes) (at gag^'C (210°F)] and an SSI (12.5 minutes) of 8.4. 
The calculated value for this polymer Is 10.4. 

EXAMPLE 7 

[0060] A monomer mix was prepared from 31 .5 parts cetyl-eicosyl methacrylate (100% basis, 95% purity), 58 parts 
Isodecyl methacrylate (100% basis, 98% purity), 10 parts methyl methacrylate and 10 parts hydroxypropyl methacr- 
ylate. The monomer mix, 21.9 parts 100N oil and 0.55 parts dodecyl mercaptan were then charged to a nitrogen flushed 
kettle fitted with a thermometer and Thermowatch to control temperature, a water-cooled reflux condenser with nitrogen 
outlet, a stirrer, a nitrogen Inlet and an addition funnel. The contents of the kettle were heated to 110°C and held there; 
30 minutes later the first of four delayed initiator shots, the first two consisting of 0.012 parts of 1 ,1 -di(^butylpe^oxy)- 
3,3,5-t^imethylcyclohexane in 0.64 parts 100N oil, was added. Thirty minutes after the first delayed initiator shot the 
second initiator shot, Identical to the first initiator shot, was added. Thirty minutes later, the third delayed Initiator shot, 
0.13 parts of 1,1-di(t-butylperoxy)-3,3,5-trimethylcyclohexane in 1.28 parts 100N oil.' was added. Thirty minutes later, 
the fourth delayed Initiator shot, identical to the third initiator shot, was added. The final monomer conversion was 
96.1% and the batch had a final polymer content of 53.5% after dilution with 100N oil, a viscosity of 7.72 x lO-^ m2 s'^ 
(772 centistokes) [at 98.9'C (21 0'F)] and an SSI (12.5 minutes) of 12.7. The calculated C„ value for this polymer is 8.7. 

EXAMPLES 

[0061] Performance characteristics in the Sequence VE Test (engine cleanliness) of the ashless dispersant additives 
of the present invention are presented in Table 1 . The sludge values listed In Table 1 are for the rocker arm cover 
sludge after 10 days (or 12 days, indicated by * In Table 1) Intermediate inspection and for the average sludge after 
12 days (CRC merit rating of 10.0 represents the cleanest engine). Each of the formulations, F through R, contained 
0-6% of the ashless dispersant (45-50% active ingredient) being tested, 10.5% of a commercial Dl package tailored 
for a dispersant viscosity Index improver (available from Amoco Chemicals as Amoco PC-8004), 4.6% of a commercial 
non-dlspersant viscosity index (VI) improver (AcrylokJ 702 poly (alkyl-methacry late) type, available from Rohm and 
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Haas Co.). with the remainder (79-84%) of the formulation being made up of a paraffinic base oil (Exxon 100N oil); in 
addition, all formulations contained 0.01 % of an antifoam solution of DCF-200 silicone fluid, available from Dow Corning 
Corp. Formulation S used a Dl package from Ethyl Corporation, modified Hitec 993 (reduced asliless dispersant), with 
the remainder of the formulation being as indicated for Formulations F-R above. Each of the formulations F through R 
contained a baseline amount of 2.0% ashless dispersant contributed by the Dl package being used; formulation S 
contained 1.0% ashless dispersant from the Dl package. The concentration of ashless dispersant being tested listed 
in Table 1 is in addition to that contributed by the Dl package. 



[0062] 


The ashless dispersant additives tested had the following compositions: 


F: 


poly(65 LMA/30 CEMA/5 HPMA) 


G: 


poIy(9 MMA/53 IDMA)/29 CEMA/9 HPMA) 


H.J.K: 


poly(60 LMA/30 CEMA/10 HPMA) 


L: 


poly(50 LMA/30 CEM/V20 HPMA) 


M.N: 


poly(50 LMA/30 CEMA/20 HPMA) 


S: 


poly(65 LMA/15 CEMA/20 HPMA) 



MA is methyl methacrylate and is isodecyl methacrylate. Formulation Q represents the use of a commercial nitrogen- 
containing ashless dispersant additive (Amoco 9250) and formulation R was a control sample with no ashless disper- 
sant additive added; NA means not measured. 



TABLE 1 



Sequence VE Test (Engine Cleanliness) 




Asfiiess Dispersant 




Formulation 


% Active Ingredient 


% HPMA in Additive 


Sludge (Rocker Arm Cov/Aver) 


R 


0 




3.9/NA 


Q 


0.9 


0% 


9.4/8.6 


Q 


0,9 


0% 


9.3/7.8 


F 


0.9 


5% 


7.5/NA 


G 


0.9 


9% 


4.9/4.3 


H 


0.9 


10% 


9.0/7.9 


J 


1.8 


10% 


9.4/6.5 


K 


2.7 


10% 


9.4/9.1 


L 


0,9 


20% 


9.6/8.7 


M 


1.35 


20% 


9.3/8.8 


N 


1,8 


20% 


9.4/9.2 


S 


2 


20% 


8.3*/7.1 


S 


2.8 


20% 


9.1*/8.4 


s 


4 


20% 


9.3*/9.4 



[0063] The above data show that as the HPMA level is increased in a formulation, either by increasing the HPMA 
level in the ashless dispersant additive itself or by increasing the amount of additive used, engine cleanliness is in- 
creasingly improved. An ashless dispersant additive containing methyl methacrylate (formulation G) does not perform 
as well as those without methyl methacrylate, which demonstrates the Importance of balancing the average carbon 
content of the alky I side chain of the polymer to achieve desired additive solubility properties. Ashless dispersant 
formulations (non-nitrogen-containing) of the present invention containing 10 to 20% HPMA provide overall engine 
cleanliness in a manner similar to that of the commercial nitrogen-containing ashless dispersant formulation, Q, but 
have the added advantage of being compatible with Viton fluoropolymer engine seal materials as well as having better 
low-temperature performance as shown in Example 10 (Formulation C). While formulation Q gives satisfactory engine 
cleanliness, it is incompatible with fluoropolymer seal materials as shown in Formulation B in Example 9. 

EXAMPLE 9 

[0064] Compositions of the present Invention were subjected to a compatibility test (Engine Seal Compatibility Test) 
for fluorohydrocarbon polymers, in particular, Viton fluoroelastomers, used in engine seals, gaskets, etc. The test is 
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based on the Immersion of seal or gasket materials In fluids containing candidate ashless dispersant additives and 
was conducted under conditions similar to those defined in the ISO-37-1 977(E) procedure (developed by the technical 
committee of the International Organisation for Standardisation {IS0/TC45)) using a S3A dumb-bell shaped test spec- 
imen. 

[0065] Evaluation was conducted as follows: in a beaker, three S3A dumb-bell shaped specimens made of Viton 
fluoroelastomer (AK6) were immersed in the test fluid such that 80 parts of test fluid were present per 1 part of test 
specimen (volume/volume). The test fluid (Exxon 150N oil) contained 4.5-6.7% (weight) of the ashless dispersant 
compositions (45-50% active ingredient) to be tested. The beaker was then covered with a watch gjass and placed in 
a forced-air oven maintained at 149-1 51 'C. The test specimens were subjected to the above conditions for 7 days, 
after which they were removed, allowed to coo! and then rinsed lightly with hexane to remove residual test fluid. The 
test specimens were then air-dried and the tensile strength (tensile strength-at-break or TSB) and elongation charac- 
teristics (% elongatlon-at-break or %ELB) were determined using a stress-strain measurement procedure @ 14.6 cm 
(5.75 inches)/minute elongation rate. The change of elongation or tensile strength of Viton elastomer test specimens 
was then compared to the elongation and tensile strength data from untreated Viton elastomer samples and the result 
was expressed as a percentage: 



dl 



(%ELB„ 



X100 = %ELB Change 



A similar expression Is used to calculate the change in tensile strength at break (%TSB Change). The more negative 
the value for %ELB Change, the greater the aggressiveness of the test fluid towards the Viton fluoroelastomer spec- 
imen. Under the test conditions described, fluids resulting in a reduction of more than 45% of the original (untreated) 
%ELB value (expressed as %ELB Change = -45%) were considered to be very aggressive towards the sample tested 
and, therefore, Incompatible with the Viton fluoroelastomer engine seal. Values of %ELB Change and %TSB Change 
of zero to -5% and zero to about -1 5%, respectively were representative of neutral conditions and, therefore, compatible 
with the engine seals. Values of %ELB Change and %TSB Change of about -20% and -30%, respectively, i.e.. more 
negative, indicated poor seal compatibility The %ELB and TSB results are greatly affected by the manner in which the 
Immersion test Is conducted and the particular measurement equipment used and it is important to include comparative 
untreated sample results with each new set of immersion test samples. 

[0066] Performance characteristics in the Engine Seal Compatibility Test of the ashless dispersants of the present 
invention and those representing commercial nitrogen-containing ashless dispersants are presented in Table 2. Sam- 
ples of Viton fluoroelastomer were immersed in test fluids (Exxon 150N oil) containing the additives listed. %ELB 
Change and %TSB Change values are expressed as the average for three specimens tested In each fluid. 



A-Comparative j OLOA 1200 (nitrogen-containing, available from Chevron Chemicals) 
B-Comparative | Amoco 9250 (nitrogen-containing, available from Amoco Chemicals) 
C-Comparative j Hitec 646 (nitrogen-containing, available from Ethyl Corporation) 



The ashless dispersants listed above are all components of commercial detergent-inhibitor (Dl) packages, typically 
provided In a mineral oil base stock. 

[0067] Compositions D and E represent polymeric ashless dispersant additives (monomer type and content indicat- 
ed) of the present invention (CEMA is cetyl-eicosyl methacrylate, LMA is lauryl-myristyl melhacrylate, HPMA is hy- 
droxypropyl methacrylate): 

D LMA/CEMA/HPMA (60/30/1 0) 

E Lf^/VCEMA/HPMA (50/30/20) 



TABLE 2 



Engine Seal Compatibility Test 


Ashless Dispersant 


.% Usage 


%TSB Change 


%ELB Change 


A 


4.5 


-53 


-43 


A 


6.7 


-53 


-44 


B 


4.5 


-59 


-49 


B 


6.7 


-63 


-55 
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TABLE 2 (continued) 



Engine Seaf Compatibility Test 


Ashless Dispersant 


% Usage 


%TSB Change 


%ELB Change 


C 


4,5 


-53 


-42 


C 


6.7 


-52 


-42 


D 


4.5 


-12 


+2 


D 


6.7 


-11 


-2 


E 


4.5 


-12 


+3 


E 


6.7 


-10 


+2 



EXAMPLE 10 

[0068] Performance characteristics in the Cold-Cranking Simulator (CCS) test for the ashless dispersant additives 
of the present Invention are presented in Table 3. Blends of the additives (commercial nitrogen-containing additives 
and those of the present invention (non-nitrogen-containing)) to be tested were prepared by mixing various amounts 
of the additive (50% active ingredient), approximately 5% of a non-dispersant VI improver (Acryloid 702) and the rec- 
ommended use level of selected commercial Dl package Indicated below (to satisfy minimum dispersancy requirements 
(Sequence VE test), see Example 8) with a calculated amount of Exxon 100N and 1 SON oil to satisfy overall viscosity 
requirements of an SAE 5W-30 oil blend (according to SAE J300 Engine Oil Viscosity Classification (January 1991)). 
Three formulations were prepared according to the latter description, each differing In the commercial Dl package used: 

Formulation A 6.3% modified Hitec 993 (reduced ashless dispersant) Dl package from Ethyl Corporation 
Formulation B 10.6% OLOA 8380A Dl package from Chevron Chemical 
Formulation C 10.5% Amoco PC-8004 Dl package from Amoco Chemical 



[0069] To each of the above formulations were added various amounts of additional ashless dispersant additive to 
improve the dispersancy of the formulation and to determine the effect on CCS viscosity. In ail cases where the ashless 
dispersant of the present invention was used it was a poly(50-60 Lf^A/30 CEMA/10-20 HPMA) composition and des- 
ignated as Invention In Table 3; the 10% HPMA composition was used for Formulation A and the 20% HPMA for 
Formulations B and C. 



TABLE 3 



Cold-Cranking Simulator (CCS) Test 


Formulation 


Ashless Dispersant 


CCS Viscosity Pa s (Poise) @ -25«C 


Type 


% 




A 






2.38(23.8) 


A 


Hitec 646 


0.9 


3.06(30.6) 


A 


HItec 646 


1.8 


3.64(36.4)* 


A 


Hitec 646 


2.7 


4.40(44.0)* 


A 


Invention 


0.9 


2.53(25.3) 


A 


Invention 


1.8 


2.58(25.8) 


A 


Invention 


2.7 


2.63(26.3) 


B 






3,07(30.7) 


B 


OLOA 1200 


0.9 


3.45(34.5) 


B 


Invention 


0.9 


3.24(32.4) 


C 






2.94(29.4) 


C 


Amoco9250 


0.9 


3.32(33.2) 


C 


invention 


0.9 


3.08(30.8) 



* viscosity exceeds specification of less than 3.6 Pa s (35 poise) 



12 



EP 0 570 093 B1 



[0070] In each grouping of formulations, useof the ashless dispersant of the Invention results in lower CCS viscosities 
when used at a level comparable to the conrimerclal nitrogen-containing ashless dispersant. 

EXAMPLE 11 

[0071] Pour points are based on a procedure defined in ASTM D-97-66, where a specified amount of the pour point 
depressant (PPD) additive is added to a base oil and the resultant treated oil Is then subjected to temperature cycfing 
in a low-temperature bath for determination of the "pour point" in "C. Table 4 contains pour point data ("C) for various 
poly(50-60 LMA/30 CEMA/10-20 HPI^A) compositions (45-50% active Ingredient) of the present invention. 



TABLE 4 



Pour Point Depressancy ('C) 


% HPMA 


% PPD in Exxon ICON Oil 


% PPD in Exxon 600N Oil 


in PPD 


0.15 


0.30 


0.15 


0.30 


0* 


-21* . 


-21* 


-12* 


-12* 


10 


-33 


-36 


-24 


-27 


20 


-33 


-36 


-18 


-21 


20 


-33 


-33 


-21 


-24 



* base oil alone (without PPD) 



[0072] The above data indicate that the ashless dispersant additives of the present invention possess pour point 
depressant properties (1 2-1 5°C depression of the pour point) comparable to the use of a commercial non-hydroxyalkyl 
methacryiate-containing pour point depressant, such as Acryloid 156 (available from Rohm and Haas Co.) at 0.1 to 
0.2% (50% active ingredient) in the same base oil stocks. 

[0073] "Viton". "Thermowatch", "Hitec", "Amoco", "OLOA", and "Acryloid" are trademarks which may be registered 
in one or more of the designated countries. 



Claims 

1 . A polymer obtainable by polymerising monomers comprising: 

(a) from 70 to 90 weight percent of one or more first monomer selected from (Ci-C24)alkyl methacrylates and 
(Ci-C24)alkyl acrylates. wherein the first monomer(s) contains less than 10 weight percent (Ci-C3)alkyl meth- 
acrylate or (Gi-C3)alkyl aery late, and 

(b) from 10 to 30 weight percent of one or more second monomer selected from hydroxy(C2-C6)alkyl meth- 
acrylates and hydroxy(C2-C6)alkyl acrylates, 

wherein the number of carbon atoms in the alkyl groups averages from 8 to 14, and the polymer has a weight- 
average molecular weight from 20.000 to 200.000 and which comprises, based on the total weight of monomers 
(a) and (b), up to 30 weight percent of (Ci6-C24)alkyl methacrylates. (C^ 6-C24)alkyl acrylates, or a mixture thereof 

2. A polymer as claimed in claim 1 , wherein monomer (a) comprises: 

(i) from 0 to 5% by weight of an alkyl methacrylate or alkyl acrylale in which the alkyl group contains from 1 

to 6 carbon atoms, or mixture thereof; 

(ii) from 35 to 70% by weight of an alkyl methacrylate or alkyl acrylate in which the alkyl group contains from 
7 to 15 carbon atoms, or mixture thereof; 

(ill) from 20 to 30% by weight of an alkyl methacrylate or alkyl acrylate In which the alkyl group contains from 
16 to 24 carbon atoms, or mixture thereof; 



and monomer (b) comprises from 10 to 20% by weight of a hydroxyalkyi methacrylate or acrylate In which the alkyl 
group contains from 2 to 6 carbon atoms and is substituted with one or more hydroxyl groups, or mixture thereof. 
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and the total of (i), (ii). (iii) and (b) equals 100% by weight of the polymer. 

3. A polymer as claimed in claim 2, wherein the (a) monomers are selected from one or more of methyl methacrylate, 
butyl methacrylate, isobutyl methacrylate, 2-ethylhexyl methacrylate, Isodecyl methacrylate.dodecyl-pentadecyl 
methacrylate, lauryl-myristyl methacrylate, cetyl-stearyl methacrylate, cetyl-eicosyl methacrylate, and the (b) mon- 
omers are one or more of 2-hydroxyethyl methacrylate, 2-hydroxyethyl acrylate, 2-hydroxyprbpyl methacrylate. 
1 -methyl-2-hydroxyethyI methacrylate. 2-hydroxy propyl acrylate, 1 -methyl-2-hydroxyethyl acrylate, 2-hydroxy butyl 
methacrylate, and 2-hydroxybutyl acrylate. 

4. A polymer as daimed in claim 1 , wherein monomer (a) comprises from 80 to 90% by weight of an alkyi methacrylate 
or alkyl acrylate in which the alkyI group contains from 10 to 14 carbon atoms, or mixture thereof, and monomer 
(b) comprises from 10 to 20% by weight of a hydroxy (C2-C3)alky I methacrylate or acrylate, or mixture thereof. 

5. A polymer as claimed in claim 4, wherein monomer (a) Is lauryl-myristyl methacrylate, and monomer (b) Is hydrox- 
ypropyl methacrylate. 

6. A polymer as claimed in claim 1 , which comprises, based on the total weight of monomers (a) and (b), from 10 to 
30 weight percent of (Ci6-C2o)alkyl methacrylates, (C^6-C2o)a!kyl acrylates, or mixture thereof. 

7. A polymer as claimed in claim 6. wherein monomer (b) is selected from 

2-hydroxyethyl methacrylate, 2-hydroxyethyl acrylate. 2-hydroxypropyl methacrylate, 1 -methyl-2-hydroxyethyl 
methacrylate. 2-hydroxypropyl acrylate, 

1- methyl-2-hydroxyethyl acrylate. 2-hydroxybutyl methacrylate, and 

2- hydroxybutyl acrylate. 

8. A polymer as claimed in any preceding claim, wherein the polymer has a weight average molecular weight of from 
greater than 20,000 and up to 200,000. 

9. A polymer as claimed in claim 8, wherein the polymer has a weight average molecular weight of from greater than 
20,000 and up to 100,000. 

10. A polymer as claimed in any of claims 1 to 7, wherein the polymer has a weight-average molecular weight from 
20,000 to 100,000. 

11. A polymer as claimed in any of claims 1 to 8, wherein the polymer has a weight-average molecular weight from 
greater than 100,000 and up to 200.000. 

12. A polymer as claimed In claim 2, wherein monomer (b) is selected from hydroxy-(C2-C6)alkyl methacrylates. 

13. A polymer as claimed in claim 1 2. wherein the polymer comprises 0% (I). 50 to 60% (ii), 20 to 30% (iii) and 15 to 
20% (b). 

14. A polymer as claimed in claim 13, wherein monomer (b) is selected from 

2-hydroxyethyl methacrylate, 2-hydroxyethyl acrylate, 2-hydroxypropyl methacrylate, 1 -methyl-2-hydroxyethyl 
methacrylate, 2-hydroxypropyl acrylate, 

1 -methyl-2-hydroxyethyi acrylate, 2-hydroxybutyl methacrylate. and 2-hydroxybutyl acrylate. 

1 5. A polymer as daimed in daim 1 3. wherein monomer (b) is a mixture of 2-hydroxy-propyl methacrylate and 1 -methyl- 
2-hydroxyethyl methacrylate. 

16. A polymer as claimed in daim 15, wherein (Ii) is lauryl-myristyl methacrylate and (Iii) is cetyl-eicosyl methacrylate. 

17. A polymer as daimed in any of claims 12 to 16. wherein the polymer has a weight average molecular weight of 
from greater than 20,000 and up to 200,000. 

1 8. A polymer as claimed in daim 1 7. wherein the polymer has a weight average molecular weight of from greater than 
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20,000 and up to 1 00.000. 

19. A polymer as claimed in any of claims 12 to 16, wherein the polymer has a weight-average molecular weight from 
20.000 to 100.000. 

20. A polymer as claimed in any of claims 1 2 to 17, wherein the polymer has a weight-average molecular weight from 
greater than 1 00,000 and up to 200,000. 

21. A polymer as claimed in any preceding claim, wherein the number of carbon atoms in the alkyi groups averages 
from 9 to 1 2. 

22. A process for preparing a polymer as claimed in any of claims 1 to 21 . which comprises polymerising monomers 
comprising 

(a) from 70 to 90 weight percent of one or more first monomer selected from (C^ -C24)alky I methacrylates and 
(Ci-C24)alkyl acrylates, wherein the first monomer(s) contains less than 10 weight percent (Ci-C3)alkyl meth- 
acrylate or (C^-C3}alkyl acrylate, and 

(b) from 10 to 30 weight percent of one or more second monomer selected from hydroxy(C2-C6)alkyl meth- 
acrylates and hydroxy(C2-C6)alkyl acrylates, - 

wherein the number of carbon atoms in the alkyI groups averages from 8 to 14, and the polymer has a weight- 
average molecular weight from 20,000 to 200,000 and comprises, based on the total weight of monomers (a) and 
(b), up to 30 weight percent of (Ci6-C24)alkyl methacrylates, (C^6-C24)alkyl acrylates, or a mixture thereof. 

23. A lubricating oil composition comprising a lubricating oil and from 0.5 to 15% by weight of a polymer as daimed in 
any of claims 1 to 21 , or as prepared by a process as claimed in claim 22. 

24. A lubricating oil composition as claimed in claim 23, wherein the polymers are used as ashless dispersants at 
concentrations where sufficient dispersancy to the lubricating oil composition is provided and the polymers con- 
tribute less than 50% of the overall viscosity of the lubricating oil composition. 

25. A lubricating oil composition as claimed in dalm 24, wherein the shear stability of the polymers used Is represented 
by shear stability index values of less than 25%. 

26. A lubricating oil composition as claimed in claim 23, wherein the polymer comprises 50 to 60% lauryl-myristyl 
methacrylate, 20 to 30% cetyl-eicosyl methacrylate, and 10 to 20% of a mixture of 2-hydroxypropyl methacrylate 
and 1 -methyl-2-hydroxyethyl methacrylate. 

27. A concentrate for use in lubricating oils comprising (1) diluent, and (ii) from 30 to 70% by weight of a polymer as 
claimed in any of claims I to 21 , or as prepared by a process as claimed in daim 22. 

28. A concentrate as claimed In claim 27, wherein the polymer comprises about 50 to about 60% lauryl-myrlstyl meth- 
acrylate, 20 to 30% cetyl-ercosyl methacrylate, and 10 to 20% of a mixture of 2-hydroxypropyl methacrylate and 
1 -methyl-2-hydroxyelhyl methacrylate. 

29. Use, as an ashless dispersant in a lubricating oil composition, of a polymer as claimed in any of claims 1 to 21 , or 
as prepared by a process as claimed in claim 22. 



Revendlcatlons 

1. Polym6re que Ton peut obtenir en polymerisant des monom^res comprenant : 

a) de 70 ^ 90 % en poids d'un ou plusleurs premiers monom^res choisis parmi les methacrylates d'alkyle en 
& C24 et les acrylates d'alkyle en C-, ^ C24, ou le ou les premiers monomeres contenant moins de 10 % en 

poids de methacrylate d'alkyle en ^ ou d'acrylate d'alkyle en & C3 ; et 

b) de 10 ^ 30 % en poids d'un ou plusieurs seconds monomdres choisis parmi les methacrylates d'hydroxyalk- 
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yie en ^ Cq et les acrylates d'hydroxyalkyle en C2 6 Cg, 

c) ou le nombre d'atomes de carbone dans les groupes alkyles 6tant en moyenne de 8 ^ 14. et le polynn6re 
ayant un poids mol6culaire moyen en poids de 20 000 ^ 200 000 et qui comprend. sur la base du poids total 
des monomdres (a) et (b), jusqu'^ 30 % en poids de mdthacrylates d'alkyle en C^g d C24, d'acrylates tfalkyle 
en C^6 ^ ^24' ^® 'Q^*^® melanges. 

2. Pblymere selon la revendlcation 1 , 
dans lequel, 

le monomere (a) comprend 

(i) de 0 ^ 5 % en poids d'un mdthacrylate d'alkyle ou d'un acrylate d'alkyle, 011 le groupe alkyle contlent de 1 
^ 6 atomes de carbone, ou de leurs melanges ; 

(ii) de 35 ^ 70 % en poids d'un methacrylate d'alkyle ou d'un acrylate d'alkyle dans lequel le groupe* alkyle 
contlent de 7 ^ 15 atomes de carbone, ou de leurs melanges ; 

(iii) de 20 k 30 % en poids d'un methacrylate d'alkyle ou d'un acrylate d'alkyle dans lequel le groupe alkyle 
contlent de 16 ^ 24 atomes de carbone, ou de leurs melanges ; 

et le monomere (b) comprend 10 ^ 20 % en poids d'un methacrylate ou acrylate d'hydroxyalkyle dans lequel le 
groupe alkyle contlent de 2 & 6 atomes de carbone, et est substitue par un ou plusieurs groupes hydroxyle, ou de 
leurs melanges, et le total de (i). (ii), (iii) et (b) est 6gal ^ 100 % en poids du polym^re. 

3. Polym6re selon la revendication 2, 
dans lequel, 

les monomeres (a) sont choisis parmi un ou plusieurs des corps sulvants : mdthacrylale de m6thyle, methacrylate 
de butyle, methacrylate d'isobutyle, methacrylate de 2-6thyIhexyle, methacrylate d'isod6cyle. methacrylate de do- 
d6cyl-pentadecyle, methacrylate de lauryl-myristyle, methacrylate de cetyl-stearyle, methacrylate de cetyl-eico- 
syle, et les monomdres (b) sont I'un ou plusieurs des corps sulvants : methacrylate de 2-hydroxyethyle, acrylate 
de 2-hydroxyethyle, methacrylate de 2-hydroxypropyle, methacrylate de l-methyl-2-hydroxyethyle, acrylate de 
2-hydroxypropyle. acrylate de 1 -methyl-2-hydroxyethyle, methacrylate de 2-hydroxybutyle, et acrylate de 2-hy- 
droxybutyle. 

4. Polymere selon la revendication 1 
dans lequei, 

le monomere (a) comprend de 80 k 90 % en poids d'un methacrylate d'alkyle ou acrylate d'alkyle dans lequel le 
groupe alkyle contient de 10 ^ 14 atomes de carbone, ou de leurs melanges, et le monomere (b) comprend de 10 
a 20 % en poids d'un methacrylate ou acrylate d'hydroxyalkyle en C2 & C3 ou de leurs melanges. 

. Polymere selon la revendication 4, 
dans lequel, 

le monomere (a) est le methacrylate de lauryl-myristyle. et le monomere (b) est le methacrylate d'hydroxypropyle. 

. Polymere selon la revendication 1, 

qui comprend, sur la base du poids total des monomeres (a) et (b), de 10 e 30% en poids de methacrylates d'alkyle 
en ^ C20. d'acrylates d'alkyle en ^ C20 ou de leurs melanges. 

Polymere selon la revendication 6, 
dans lequel, 

le monomere (b) est choisi parmi le methacrylate de 2-hydroxyethyle. I'acrylate de 2 -hydroxy eihyle. le methacrylate 
de 2-hydroxypropyle. le methacrylate de 1 -methyl-2-hydroxyethyle, I'acrylate de 2-hydroxypropyle, I'acrylate de 
1 -methyl-2-hydroxyethyle, le methacrylate de 2-hydroxybutyle, et I'acrylate de 2-hydroxybutyle. 

Polymere selon I'une quelconque des revendications precedentes, 

ou le polymere a une poids moieculaire moyen en poids allant de plus de 20 000 e 200 000. 
Polymere selon la revendication 8, 

le polymere ayant un poids moieculaire moyen en poids allant de plus de 20 000 e 100 000. 
I. Polymere selon I'une quelconque des revendications 1 ^ 7, 
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le polym6ro ayanl un poids mol6culalre moyen en poids de 20 000 d 100 000. 

11. Polym^re selon I'une quelconque des revendications 1 h 8, 

le polym^re ayant un poids mol^culaire moyen en poids de plus de 100 000 k 200 000. 

12. Polym^re selon la revendication 2, 
dans lequel, 

le monomdre (b) est choisi parml le m6thacrylate d'hydroxyalkyle en C2 & Cg. 

'0 13. Polymere selon la revendication 12, 

le polymere comprenant une quantlte de 0 % (i). 50 k 60 % (ii). 20 ^ 30 % (iii) et 15 ^ 20 % (b). 

14. Polymdre selon ia revendication 13, 
dans lequel, 

IS le monomdre (b) est choisi pamii le m^thacrylate de 2-hydroxyethyle, faery fate de 2 -hydroxy ethyle. le methacrylate 

de 2-hydroxypropyle, le methacrylate de 1 -m6thyl-2-hydroxy6thyle, Tacrylate de 2-hydroxypropyle. I'aciylate de 
1 -m6thyl-2-hydroxy6thyIe, le methacrylate de 2-hydroxybutyle. et I'acrylate de 2-hydroxybutyle. 

15. Polymere selon la revendication 13, 
20 dans lequel. 

le monom§re (b) est un melange d'acrylate de 2-hydroxypropyle et de methacrylate de 1 -m6thyl-2-hydroxy6thyle. 

16. Polymdre selon la revendication 15, 
dans lequel, 

(ii) est te methacrylate de lauryl-myristyle et (iii) est le methacrylate de cetyl-eicosyle. 

17. Polymdre selon I'une quelconque des revendications 12 ci 16, 

le polymere ayant un poids moldculaire moyen en poids allant de plus de 20 000 h 200 000. 

30 18. Polymere selon la revendication 17, 

le polymere ayant un poids moldculaire moyen en poids allant de plus de 20 000 k 100 000. 

19. Polymere selon fune quelconque des revendications 12 a 16, 
le polymere ayant un poids moleculaire moyen en poids de 20 000 a 100 000. 

20. Polymere selon I'une quelconque des revendications 12 a 16, 
le polymere ayant un poids moleculaire moyen en poids de plus de 100 000 k 200 000. 

21. Polymere selon I'une quelconque des revendications precedentes, 
dans lequel, 

le nombre d'atomes de carbone dans les groupes alkyle est en moyenne de 9 a 12. 

22. Precede de preparation d'un polymere selon I'une quelconque des revendications 1 ^ 21, 
dans lequel, 

on polymerise des monomeres comprenant 

a) de 70 k 90 % en poids d'un ou plusieurs premiers monomferes choisis parml les methacrylates d'alkyle en 
k C24 et les acrylates d'alkyle en h C24. ou le ou les premiers monomeres contenant moins de 10 % en 

poids de methacrylate d'alkyle en k ou d'acrylate d'alkyle en ^ C3 ; et 

b) de 1 0 ^ 30 % en poids d'un ou plusieurs seconds monomeres choisis parmi les methacrylates d'hydroxyalk- 
yle en C2 k Cq et les acrylates d'hydroxyalkyle en k Cg. 

ou le nombre d'atomes de carbone dans les groupes alkyles est en moyenne de 8 ^ 14, et le polymere ayant un 
poids moleculaire moyen en poids de 20 000 k 200 000 et qui comprend, sur la base du poids total des monomeres 
(a) et (b), jusqu'a 30 % en poids de methacrylates d'alkyle en C^^ k C24. d'acrylates d'alkyle en 0.0 k Co. ou d'un 
de leurs melanges. 

23. Composition d'huile lubrifiante comprenant un© huile lubrifiante et de 0,5 ^ 15 % en poids d'un polymere selon 
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I'une quelconque des revendications 1 a 21 , ou pr6par6e par un proc§d6 lel que revendiqu6 dans la revendicatlon 
22. 

24. Composition d'huile lubrifiante selon la revendication 23, 
dans laquelle, 

les polym^res sont utilises sous forme de dispersants sans cendres ^ des concentrations auxquelles une disper- 
sion suffisante est fournie k la composition d'huile lubrifiante et les poly meres contribuent pour moins de 50 % a 
la Yiscositd gfobale de la composition d'huile lubrifiante. 

25. Composition d'huile lubrifiante selon la revendication 24, 
dans laquelle, 

la stabilite au cisaillement des polymeres utilises est representee par des valeurs d'indice de stability au cisaille- 
ment inf^rieures & 25 %. 

26. Composition d'huile lubrifiante selon la revendication 23, 
dans laquelle, 

le polymere comprend de 50 ^ 60 % de methacrylate de lauryl-myrisyle, de 20 k 30 % de methacrylate de cetyl- 
eicosyle, et de 10 a 20 % d'un melange de methacrylate de 2-hydroxypropyle et de methacrylate de 1-m6thyl- 
2-hydroxy6thyle. 

27. Concentre pour utilisation dans des huiles lubrifiantes comprenant (I) un diluant et (ii) de 30 a 70 % en polds d'un 
polymere tel que revendique dans Tune quelconque des revendications 1 ^ 21, ou tel que prepare par un precede 
selon la revendication 22. 

28. Concentre selon la revendication 27, 

dans lequel 

le polymere comprend environ 50 a environ 60 % de methacrylate de lauryl-myrisyle, de 20 ^ 30 % de methacrylate 
de cetyl-ercosyle, et de 10 ^ 20 % d'un melange de methacrylate de 2-hydroxypropyle et de methacrylate de 
1 -methyl-2-hydroxyethyle. 

29. Utilisation, comme dispersant sans cendres dans une composition d'huile lubrifiante, d'un polymere selon I'une 
quelconque des revendications 1 a 21 . ou tel que prepare par un precede tel que revendique dans la revendication 
22. 



PatentansprOche 

1. Polymer, erhaltlich dadurch, daB man als Monomere: 

(a) 70 bis 90 Gewlchtsprozent eines oder mehrerer erster Monomere aus der Gruppe der C-,-C24-AIkylme- 
Ihacrylate und C-,-C24-Alkylacryfate, wobei das bzw. die ersten Monomere weniger als 10 Gewlchtsprozent 
Ci -Cg-Alkylmethacrylat oder Ci-Cg-Alkylacrylat epthalt bzw. enthalten, und 

(b) 10 bis 30 Gewichtsprozent eines oder mehrerer zweiter Monomere aus der Gruppe der Hydroxy-Cg-Cg- 
alkylmethacrylate und Hydroxy-Cg-Cg-alkylacrylate polymerisiert, 

wobei die Zahl der Kohlenstoffatome in den Alkylgruppen im Durchschnitt 8 bis 14 betragt und das Polymer ein 
gewichtsmittleres Molekulargewicht von 20.000 bis 200.000 aufweist und, bezogen auf das Gesamtgewicht der 
Monomere (a) und (b), bis zu 30 Gewichtsprozent CT6-C24-Alkylmethacrylate, C^ 6-C24-Alkylacryfate oder einer 
Mischung davon enthalt. 

2. Polymer nach Anspruch 1, bei dem als Monomer (a): 

(i) 0 bis 5 Gew.-% eines Alkylmethacrylats oder Alkylacrylats mit 1 bis 6 Kohlenstoffatomen in der Alkylgruppe 
Oder einer Mischung davon; 

(ii) 35 bis 70 Gew.-% eines Alkylmethacrylats oder Alkylacrylats mit 7 bis 15 Kohlenstoffatomen in der Alkyl- 
gruppe Oder einer Mischung davon; 

(iii) 20 bis 30 Gew.-% eines Alkylmethacrylats oder Alkylacrylats mit 16 bis 24 Kohlenstoffatomen in der Al- 
kylgruppe Oder einer Mischung davon 
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und als Monomer (b) 10 bis 20 Gew.-% eines Hydroxyalkylmethacrylats oder Hydroxyalkylacrylats, in dem die 
Alkylgruppe 2 bis 6 Kohlenstoffatome aufwelst und das mit einer oder mehreren Hydroxylgruppen substituiert ist, 
Oder einer IVIischung davon eingesetzt wird und die Gesamtmenge von (i), (il), (ili) und (b) 1 00 Gew.-% des Polymers 
entsprlcht. 

3. Polymer nach Ansprucli 2, bei dem die Monomere (a) aus einer oder mehreren Verbindungen der Gruppe iVIethyl- 
methacrylat, Butylmethacrylat, isobutylmethacrylat, 2-Ethylhexylmethacrylat, Isodecylmethacrylat, Dodecyl-/Pen- 
tadecylmethacrylat, Lauryl-ZiVlyrlstylmethacrylat. Cetyl-ZStearylmethacrylat, Cetyl-ZEicosylmethacrylat und die Mo- 
nomere (b) aus einer oder mehreren Verbindungen der Gruppe 2-Hydroxyethylmethacrylat, 2-Hydroxyethyiacrylat, 
2-Hydroxypropylmethacrylat, 1 -Methyl-2-hydroxyethylmethacrylat, 2-Hydroxypropylacrylat, l-Methyl-2-hydroxye- 
thylacrylat, 2-Hydroxybutylmethacrylat und 2-Hydroxybutylacrylat ausgewahit sind. 

4. Polymer nach Anspruch 1 , bei dem als Monomer (a) 80 bis 90 Gew.-% eines Aikylmethacrylats oder Alkylacrylats 
mit 10 bis 14 Kohlenstoffatomen in der Alkylgruppe oder einer Mischung davon und als Monomer (b) 10 bis 20 
Gew.-% eines Hydroxy-C2-C3-alkylmethacryIats oder -acrylats oder einer Mischung davon eingesetzt werden. 

5. Polymer nach Anspruch 4, bei dem es sich bei dem Monomer (a) um LaurylVMyristylmethacrylat und bei dem 
Monomer (b) um Hydroxy propylmethacrylat handelt. 

6. Polymer nach Anspruch 1 , das, bezogen auf das Gesamtgewicht der Monomeren (a) und (b), 10 bis 30 Gewichts- 
prozent C^g-Cgo-Alkylmethacrylate, Ci6-C2o-Alkylacrylate oder einer Mischung davon enthatt. 

7. Polymer nach Anspruch 6, bei dem das Monomer (b) aus der Gruppe 2-HydroxyethylmethacryIat, 2-Hydroxye- 
thylacrylat, 2-Hydroxypropylmethacrylat, 1 -Methyl-2-hydroxyethylmethacrylat, 2-Hydroxypropylacrylat, l-Methyl- 
2-hydroxyethylacrylat, 2-Hydroxybutylmethacry!at und 2-Hydroxybutylacrylat ausgewahit ist. 

8. Polymer nach einem der vorhergehenden Anspruche mit einem gewichtsmitlleren Molekulargewlcht von mehr als 
20.000 und bis zu 200.000. 

9. Polymer nach Anspruch 8 mit einem gewichtsmittleren Molekulargewlcht von mehr als 20.000 und bis zu 1 00.000. 

1 0. Polymer nach einem der Anspruche 1 bis 7 mit einem gewichtsmittleren Molekulargewicht von 20.000 bis 1 00.000. 

11. Polymer nach einem der Anspruche 1 bis 8 mit einem gewichtsmittleren Molekulargewicht von mehr als 100.000 
und bis zu 200.000. 

12. Polymer nach Anspruch 2, bei dem das Monomer (b) aus der Gruppe der Hydroxy-C2-C6-alky!methacrylate aus- 
gewahit ist. 

13. Polymer nach Anspruch 12, enthaltend 0% (I), 50 bis 60% (II), 20 bis 30% (iil) und 15 bis 20% (b). 

14. Polymer nach Anspruch 13, bei dem das Monomer (b) aus der Gruppe 2-Hydroxyethylmethacrylat, 2-Hydroxye- 
thylacrylat, 2-Hydroxypropylmethacrylat, 1 -Methyl-2-hydroxyethylmethacrylat, 2-Hydroxypropylacrylat, 1-Methyl- 
2-hydroxyethylacrylat, 2-Hydroxybutylmethacrylat und 2-Hydroxybutylacrylat ausgewahit ist. 

15. Polymer nach Anspruch 13, bei dem es sich bei dem Monomer (b) um eine Mischung aus 2-Hydroxypropylme- 
thacrylat und l-Methyl-2-hydroxyethylmethacrylat handelt. 

16. Polymer nach Anspruch 15, bei dem es sich bei (ii) um Lauryl-ZMyristylmethacrylat und bei (Ili) um Cetyl-ZEicosyl- 
methacrylat handelt. 

17. Polymer nach einem der Anspruche 12 bis 16 mit einem gewichtsmittleren Molekulargewicht von mehr als 20.000 
und bis zu 200.000. 

1 8. Polymer nach Anspruch 1 7 mit einem gewichtsmittleren Molekulargewicht von mehr als 20.000 und bis zu 1 00.000. 

19. Polymer nach einem der Anspruche 12 bis 16 mit einem gewichtsmittleren Molekulargewicht von 20.000 bis 
100.000. 
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20. Polymer nach einem der AnsprQche 12bis 1 7 mit einem gewichtsmittleren Molekulargewlcht von mehrals 100.000 
und bis zu 200.000. 

21. Polymer nach einem der vorhergehenden AnsprQche, bei dem die Zahl der Kohlenstoffatome in den Alkylgruppen 
im Dlirchschnltt 9 bis 12 betragt. 

22. Verfahren zur Hersteliung eines Polymers nach einem der Anspruch© 1 bis 21, bei dem man als Monomere: 

(a) 70 bis 90 Gewichtsprozent eines Oder mehrerer erster Monomere aus der Gruppe der Gi-C24-Alkylme- 
thacrylate und Gi-C24-Alkylacryiate, wobei das bzw. die ersten Monomere weniger als 10 Gewichtsprozent 
C-j-Cg-Alkylmethacrylat Oder -Ca-Alkylacrylat enthalt bzw. enthalten, und 

(b) 10 bis 30 Gewichtsprozent eines oder mehrerer zwelter Monomere aus der Gruppe der Hydroxy-Ca-Cg- 
alkylmethacrylate und Hydroxy-Cg-Ce-alkylacrylate polymerisiert, 

wobei die Zahl der Kohlenstoffatome in den Alkylgruppen im Durchschnitt 8 bis 14 betragt und das Polymer ein 
gewichtsmittleres Molekulargewlcht von 20.000 bis 200.000 aufweist und, bezogen auf das Gesamtgewicht der 
Monomere (a) und (b), bis zu 30 Gewichtsprozent 0^6-^24* Alky Imethacry late, 6-C24-Alky lacrylate oder einer 
Mischung davon enthalt. 

23. Schmierolzusammensetzung, enthaltend ein Schmierol und 0,5 bis 15 Gew.-% eines Polymers nach einem der 
AnsprQche 1 bis 21 bzw. eines nach Anspruch 22 hergestellten Polymers. 

24. Schmierolzusammensetzung nach Anspruch 23, bei der die Polymere als aschefreie Dispergiermittel in Konzen- 
trationen, die der Schmierolzusammensetzung ein ausreichendes Dispersionsvermogen verlelhen, eingesetzt 
werden und zu weniger als 50% zur Gesamtviskositat der Schmierolzusammensetzung beltragen. 

25. Schmierolzusammensetzung nach Anspruch 24, bei der die Scherstabilitat der verwendelen Polymere durch 
Scherstabilitalsindex-Werte von weniger als 25% wiedergegeben wird. 

26. Schmierolzusammensetzung nach Anspruch 23, bei der das Polymer 50 bis 60% Lauryl-ZMyristylmethacrylat, 20 
bis 30% CetylVEicosylmethacrylat und 1 0 bis 20% einer Mischung aus 2-Hydroxypropylmethacrylat und 1 -Methyl- 
2-hydroxyethylmethacrylat enthalt. 

27. Konzentrat zur Verwendung in Schmierolen, enthaltend (i) Verdunnungsmittel und (ii) 30 bis 70 Gew.-% eines 
Polymers nach einem der AnsprQche 1 bis 21 bzw. eines nach Anspruch 22 hergestellten Polymers. 

28. Konzentrat nach Anspruch 27, bei dem das Polymer etwa 50 bis etwa 60% Lauryl-ZMyristylmethacrylat, 20 bis 
30% Cetyl-/Eicosylmethacrylat und 10 bis 20% einer Mischung aus 2-Hydroxypropylmethacrylat und 1-Methyl- 
2-hydroxyethylmethacrylat enthalt. 

29. Verwendung eines Polymers nach einem der AnsprQche 1 bis 21 bzw. eines nach Anspruch 22 hergestellten 
Polymers als aschefreies Dispergiermittel in einer Schmierolzusammensetzung. 
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